Objectives: To evaluate the dietary fiber (DF) intake pattern among the Japanese general population. Design: We performed a dietary survey among the general population in northern Japan to evaluate the intake patterns. DF intake was calculated by substituting the DF content of each food in the Dietary Fiber Table for the intake of each food from this dietary survey. Subjects: Five hundred and seventy-seven subjects participated in the study, 198 men and 379 women. Results: In subjects with higher DF intakes the origins of the DF that were from all food groups, but with the notable exception of rice. The contribution of the seaweed group was of particular interest. From multiple regression analysis, as for food group, seaweeds showed the highest positive correlation with DF intake in both genders, followed by vegetables, pulses, fruits. On the other hand, rice showed the negative correlation with DF intake in both genders. As for life factor, body mass index showed the negative correlation with DF intake in women. Conclusion: Seaweed, a typical Japanese food, was most related to the increase in DF intake for the Japanese general population, whereas rice, the Japanese staple, had a small influence on decreased DF intake.
Introduction
The dietary fiber (DF) intake in Japan and Western countries is decreasing concomitantly with the increase of DFassociated diseases such as colon cancer, colon diverticulosis, obesity and so on (Burkitt, 1971; Ohta et al., 1985; Ohta, 1987; Nakaji et al., 1997 Nakaji et al., , 2002 , which is presenting a problem in the overall promotion of health in the general population today. Therefore, an increased DF intake would be very beneficial and many countries have their recommended levels of DF intake, for example 25-35 g/day by the USA FDA (Life Sciences Research Office, 1987) , and 20-25 g/day by the Ministry of Health, Labor and Welfare in Japan (Ministry of Health, Welfare and Labor, 1994) . However, it is very difficult to reach the recommended level. A possible reason for this is due to a lack of reports evaluating the natural intake pattern of DF among the general population, and so no practical way to increase DF intake has so far been established.
In this study, we performed a dietary survey among the general population in northern Japan using the weighing method to evaluate the intake patterns.
Subjects and methods

Subjects
Five hundred and seventy-seven subjects (198 men and 379 women) who participated in the Aomori Nutrition Survey in November and December in 1997 according to the National Nutrition Survey were enrolled in this study. All subjects were randomly selected in whole Aomori Prefecture.
The mean age was 51.1715.7 years old (51.8716.6 years old for men and 50.7715.2 years old for women). As for National Nutrition Survey, Ministry of Health, Labor and Welfare performs in all 47 prefectures in November every year since 1945 using the weighing method. This study was approved by the Ethics Committee of Hirosaki University School of Medicine, and following an explanation of the study and its aims, all subjects gave informed consent.
Method of dietary survey
The dietary survey was performed as follows. A staff dietitian demonstrated the survey methods and procedures to the housewife or whoever usually cooked for the family. The responsible person in each household weighed and recorded the cooked dishes and the ingredients for each dish, the amount consumed and any left uneaten, and the approximate proportion of each dish or food consumed by each family member. The type and amount of food eaten outside the home was also recorded as part of the meals taken by each individual. The dietary survey was performed for 1 day.
DF intake per person, was calculated by substituting the DF content of each food in the Dietary Fiber Table (the values were measured by the modified Prosky method) (Prosky et al., 1985; Resources Council, Science and Technology Agency, 1992) for intake of each food from the current survey.
DF was defined as a substance not contained in animal foods, which is, according to Trowell's definition, 'the skeletal remains of plant cells that are resistant to hydrolysis by the enzymes of man' (Trowell, 1972) . Resistant starch, which is thought by some researchers to be a more important factor in large bowel function and health than DF (Cassidy et al., 1994) , was not calculated because of a lack of data. DF density was calculated as total DF intake/1000 kcal.
Statistical analysis
Data are presented as means7standard deviation (s.d.). One-way ANOVA was used to examine the difference in DF intake from each food group among five groups according total DF intake.
A multiple regression analysis (stepwise variable selection method) was performed, with the total DF intake as the objective variable, and the DF intakes from food groups which shows a significant correlation by Pearson correlation coefficient with total DF intake among 11 food groups, and energy intake, age, body mass index (BMI), alcohol and cigarette as the explanatory variables.
Probability values (P) of less than 0.05 were considered significant.
The eleven food groups were as follows; rice, other grains including barley and wheat, seeds, potatoes, confectionaries, beans, fruits, vegetables, mushrooms, seaweeds, other foods of plant origin.
Results
For male and female subjects, the respective body weights, heights and BMI (means7s. 
DF intake and DF density
The mean total daily DF intake was higher in men than in women; 18.8710. 2 g for men 18.078.0 g for women (Table 1) . Total DF intake, DF density, insoluble DF and DF intake by food group according to degree of total DF intake The vegetable group was the greatest contributor to both total DF intake and DF density, followed by pulses, seaweed and other grains in both genders (Figure 1 ). Higher DF intakes were associated with increased intakes of foods from all groups, with the notable exception of rice (Figure 2 ). In particular, the contribution of the seaweed group was noted. The DF intake from rice remained almost constant, irrespective of the level of DF intake from all other groups. The percentage of DF intake from each seaweed against total DF intake from seaweeds is as follows; Wakame (Undaria pinnatifida) for 34%, 14% for Hijiki (Hizikia fusiforme), Conbu (Laminaria japonica) for 11% and others for 41%.
Multiple regression analysis
As for food group, seaweeds showed the highest positive correlation with DF intake in both genders (beta coefficient ¼ 0.589, P ¼ 0.000 in men and beta coefficient ¼ 0.503, P ¼ 0.000 in women), followed by vegetables (beta coefficient ¼ 0.405, P ¼ 0.000 in men and beta coefficient ¼ 0.407, P ¼ 0.000 in women), pulses (beta coefficient ¼ 0.323, P ¼ 0.000 in men and beta coefficient ¼ 0.317, P ¼ 0.000 in women), fruits (beta coefficient ¼ 0.188, P ¼ 0.000 in men and beta coefficient ¼ 0.212, P ¼ 0.000 in women) ( Table 2 ). On the other hand, rice showed the negative correlation with DF intake in both genders (beta coefficient ¼ À0.077, P ¼ 0.000 in men and beta coefficient ¼ À0.144, P ¼ 0.000 in women).
As for life factor, BMI showed the negative correlation with DF intake in women (beta coefficient ¼ À0.038, P ¼ 0.005).
Discussion
In order to develop practical measures to increase DF intake, the natural DF intake pattern among the general population should be considered. However, there are few reports on DF intake patterns (Ohta et al., 1985; Ohta, 1987; Nakaji et al., 1993a Nakaji et al., , b, 1997 Nakaji et al., , 2002 . From these reports, major contributors to total DF intake were vegetables, barley, wheat, pulses and rice in the overall Japanese population (Nakaji et al., 1993a (Nakaji et al., , b, 1997 , however further statistical analysis were not performed. 
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An interesting finding from our results was that the DF intake from rice remained constantly low, even when a high DF intake was associated with increased consumption of every other type of food, in particular the seaweed group. In other words, the inhabitants of Aomori ate a constant amount of rice independent of their total DF intake.
Furthermore, the multiple regression analysis clarified that the higher the total DF intake was, the higher was the DF value from seaweed. Vegetable, pulses and fruits followed this in that order. In summing up, the seaweed group, a typical Japanese food, was most related to an increase in DF intake for the Japanese general population, whereas rice, recognized as the Japanese staple, had a small influence on decreased DF intake. This leads to the conclusion that increasing the intake of all food groups, with the exception of rice, but concentrating on seaweed might be a natural and effective way to increase total DF intake in the general Japanese population.
Apart from the Japanese, very few people eat seaweeds as part of the national diet. From the National Nutrition Survey in Japan in 2003 (Section of Nutrition, Bureau of Public Health, Ministry of Health and Welfare, 2003) , Japanese daily eat about 14.3 g of seaweeds per adult person, with women eating more than men (Section of Nutrition, Bureau of Public Health, Ministry of Health and Welfare, 2003; Iso et al., 2005) . Seaweeds typically eaten in Japan include: Conbu (Laminaria japonica), Wakame (Undaria pinnatifida), Hijiki (Hizikia fusiforme), Nori (Porphyra tenera), Mozuku (Nemacystus decipiens), etc. While the DFs included in seaweeds principally comprise carrageenan, agar, alginic acid, etc., in contrast to cellulose, pectin etc., the role of these DFs in terms of health have been not studied in detail (Nakaji et al., 1996; Alabaster et al., 1997; Jacobs Jr et al., 1998; Iwane et al., 2002; Qu, 2005) .
In previous reports on the impact of seaweed consumption on microflora in the large intestine, Goni et al. (2001) reported that the nondigestible components of edible seaweeds like as Wakame (Undaria pinnatifida) and Nori (Porphyra tenera) modified the metabolic activity of intestinal microflora, leading to a reduction in fermentative capacity. Michel et al. (1996) reported that the characteristic fermentation pattern associated with the fiber from the three brown algae they investigated was attributable to the peculiar fermentation of alginates, and mannuronate was shown not to be directly involved. As for the relationship of seaweed consumption to carcinogenesis, several reports have shown preventive effects of seaweeds against colorectal carcinogenesis in epidemiological studies (Tokudome et al., 1991; Hoshiyama et al., 1993) , or in experimental studies in rats (Yamamoto and Maruyama, 1985; Teas et al., 1998) ; proposed mechanisms for such effects include inhibition of reactive oxygen species (Maruyama et al., 2003; Suzuki et al., 2004) , or the modulation of natural killer cell activity (Teas, 1983) . Furthermore, there are several reports regarding the preventive effect of seaweed consumption against breast cancer (Teas, 1983; Kang et al., 2004) . However, it is important to recognize that to increase seaweed intake beyond current levels in Japan does not necessarily mean enhanced health benefits; indeed some researchers have shown disadvantages, for example, stimulatory effects upon cancers (Ashi et al., 1978; Watanabe et al., 1978; Reddy et al., 1985; Funahashi et al., 2001) . Fiber intake pattern S Fukuda et al
